Positive interim positron emission tomography (PET) scans are thought to be associated with inferior outcomes in diffuse large B-cell lymphoma. In the E3404 diffuse large B-cell lymphoma study, PET scans at baseline and after 3 cycles of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone were centrally reviewed by a single reader. To determine the reproducibility of interim PET interpretation, an expert panel of 3 external nuclear medicine physicians visually scored baseline and interim PET scans independently and were blinded to clinical information. The binary Eastern Cooperative Oncology Group (ECOG) study criteria were based on modifications of the Harmonization Criteria; the London criteria were also applied. Of 38 interim scans, agreement was complete in 68% and 71% by ECOG and London criteria, respectively. The range of PET ؉ interim scans was 16% to 34% (P ‫؍‬ not significant) by reviewer. Moderate consistency of reviews was observed: statistic ‫؍‬ 0.445 using ECOG criteria, and statistic ‫؍‬ 0.502 using London criteria. 
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Introduction
Remarkable predictive accuracy with midtreatment 18F-fluorodeoxyglucose positron emission tomography (PET) scans has been reported in diffuse large B-cell lymphoma (DLBCL), based on the concept that tumor burden above or below the threshold of detection after 1 to 3 chemotherapy cycles results in treatment failure or success. 1 Although guidelines for PET interpretation in clinical trials have been issued, their reproducibility has not been studied carefully. 2 During conduct of the DLBCL E3404 study, the rate of PET ϩ interim scans was lower than projected, and we therefore convened an expert panel to blindly review baseline and interim PET scans from approximately the first one-third of participants to assess reproducibility.
Methods
After a baseline PET scan, bulky or advanced DLBCL patients received 3 cycles of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP), followed by a PET scan 14 to 20 days later. During the central PET review by a single reader, a fourth cycle of R-CHOP was given and patients continued R-CHOP if PET Ϫ or changed to rituximab, ifosfamide, carboplatin, and etoposide if PET ϩ . Scans were obtained on dedicated high-resolution PET or PET/computed tomography (CT) scanners according to protocol and quality control standards at participating Eastern Cooperative Oncology Group (ECOG) sites. Centralized PET review of baseline and interim scans was performed via file transfer or compact disc with DICOM images. The protocol specified a binary visual interpretation, which the central reviewer based on modifications of the International Harmonization Project, customized for E3404 interim scans and deemed the "ECOG criteria": (1) only sites of abnormality at baseline are evaluated; (2) abnormal activity requires both a focal appearance and intensity greater than average liver; (3) all positive nodal sites must have an anatomic correlate; (4) activity in bone marrow and spleen is considered abnormal only if focal and clearly discernible; (5) symmetric abnormal foci in the mediastinum and hilum are considered abnormal only if the remainder of the scan is positive; and (6) new foci are considered positive only if the remainder of the scan is positive or a new lesion is focal, very intense, and associated with a lesion on CT. 2 Scan interpretation was binary; the result could be "positive" or "negative."
Three external nuclear medicine experts independently applied, without dedicated training, the ECOG study criteria as well as the London criteria to visually score every baseline lesion at midtreatment for the first 38 cases (76 scans) from the E3404 study. Neither the central reviewer nor the experts had access to any clinical information. The London criteria score scans 0 to 3 as "negative" if uptake is less than liver and 4 or 5 as "positive" for uptake that is moderately or markedly increased relative to liver. 3 The 245 individual baseline lesions were identified by anatomic site and provided on a worksheet for the external experts, who applied the ECOG and London criteria to each lesion on interim PET. Each case was scored as negative or positive, and agreement among external experts was analyzed by Fleiss test to determine a P value for differences in proportion of positive scans. The statistic was used to correct for chance in the agreement among the external experts.
Results and discussion
The proportions of positive interim scans by reader were 16%, 34%, and 26%, (P ϭ .206) for ECOG criteria and 16%, 34%, and 29% (P ϭ .263) for London criteria, with only reader 3 scoring differently between criteria (Figure 1 ). With 3 experts scoring 38 interim scans (representing 1-25 baseline lesions per case), agreement was 68% for ECOG and 71% for London criteria. The statistic was 0.445 using ECOG criteria, indicating only moderate (typical range, 0.4-0.6) agreement per case, and 0.502 for the London criteria, also in the moderate range. Table 1 details discordance among experts in 12 cases. Reviewer 2 was more likely to interpret interim PET scans as positive, reader 1 less likely, and reviewer 3 in between. In 5 cases, 2 reviewers considered the interim scan to be positive; and in 7 cases, a single reviewer considered the interim scan positive. Using ECOG criteria, there were 26 cases with complete agreement among experts, and these cases were also in complete agreement with the central review. Each expert considered a single case of residual bone disease positive using London criteria but negative by ECOG criteria.
Among the 12 discordant cases, the number of baseline nodal sites ranged from 0 to 16 (median, 5), and 5 cases had extranodal sites at baseline. A single site of disagreement was observed in each case, including para-aortic nodes (n ϭ 5), bone (n ϭ 3), spleen (n ϭ 2), and 1 each of iliac/inguinal and supraclavicular nodes. A definitive CT correlate was present in 1 case, absent in 8 cases, debatable in 2 cases; CT was not available in 1 case. After independent review, the 12 cases were reviewed together to determine whether consensus could be achieved. There was agreement in 3 cases, with 2 cases becoming negative and the other considered positive (Table 1) .
The fact that agreement of midtreatment PET among expert nuclear medicine physicians using standardized criteria was only moderate on a per-case basis has important implications as decisions are being made regarding treatment efficacy in practice as well as in clinical trials. More recently, some investigators have raised concern about the false-positive rate of interim PET in modern DLBCL treatment, which includes rituximab with its long half-life and unique mechanisms of cytotoxicity, use of dose-dense chemotherapy with scans obtained within 2 weeks of treatment, and use of granulocyte colony-stimulating factor. [4] [5] [6] Indeed, the positive predictive value of interim PET scans appears to be lower in the current therapeutic era (ϳ 60%) versus the prior 80% likelihood of failure with chemotherapy alone. 7 The predictive value of interim PET ϩ scans has been positively correlated with the international prognostic index and with the international working classification response criteria. 8, 9 Equivocal or indeterminate dictated reports of interim PET scans, which pose challenges for clinicians, appear to predict treatment success rather than failure. 6, 8 The literature is inconsistent with regard to the predictive value of PET scans at the conclusion of R-CHOP, suggesting real differences in interpretation. 5, 6 Lin et al have proposed that changes in standard uptake value may improve the predictive accuracy of interim FDG-PET. 10 In sum, the broader use of interim PET scans in the modern therapeutic era has not reproduced the dichotomous results previously reported, although progression-free survival is generally consistently inferior for interim PET ϩ patients. 11, 12 Using our study criteria, the proportion of PET ϩ scans was relatively low, and the current report relates solely to the reproducibility of interpretation using standardized criteria. Agreement among external experts would probably have been higher if the study had been preceded by a training exercise using the 2 study criteria, neither of which is well validated (no such criteria exist for Conflict-of-interest disclosure: The authors declare no competing financial interests.
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